WHAT'S KNOWN ON THIS SUBJECT: Evaluating for elevations in alanine aminotransferase (ALT) is a common screening test for the presence of nonalcoholic fatty liver disease (NAFLD). NAFLD is less common among non-Hispanic blacks. Better predictors of NAFLD are needed to identify individuals in most need of screening.
Pediatric nonalcoholic fatty liver disease (NAFLD) is a spectrum of liver tissue abnormalities involving hepatic fatty infiltration, ranging from simple steatosis to hepatitis to end-stage liver disease. 1, 2 Inflammation and cellular injury are often indicated by elevations in liver enzymes, particularly alanine aminotransferase (ALT). [3] [4] [5] Pediatric NAFLD has evolved into a serious public health issue, affecting between 7% to 17% of adolescents. 6, 7 Although treatments are limited, lifestyle intervention and weight loss appear beneficial. [8] [9] [10] Long-term prognosis without intervention is variable, but many children may ultimately progress to nonalcoholic steatohepatitis or cirrhosis in childhood or young adulthood. 11, 12 Because the diagnosis of NAFLD involves an invasive procedure (liver biopsy) for its diagnosis, alternative markers have been identified for the presence of NAFLD, of which ALT is the best marker. 5, 7, 13 Although elevations in ALT are in no way diagnostic of the presence of NAFLD, elevated ALT in 1 study had a sensitivity of 0.92 for identifying fatty-fibrotic findings on ultrasound. 14 NAFLD is tightly linked to obesity. Obese children have a sevenfold higher prevalence of NAFLD compared with normal-weight children. 6 NAFLD is also independently linked to metabolic syndrome (MetS), a cluster of clinical signs and symptoms associated with insulin resistance (IR), including dyslipidemia (elevated triglycerides, low highdensity lipoprotein cholesterol [HDL-C]), elevated blood pressure (BP), central/ abdominal obesity, and elevated fasting glucose. [15] [16] [17] Obese adolescents with MetS have a fivefold increase in NAFLD compared with obese adolescents without MetS. 17 The link between NAFLD and IR has raised speculation regarding interrelationships between NAFLD and IR, with shared features of visceral obesity (frequently assessed as elevations in waist circumference [WC] ), 18 elevated triglycerides, and underlying inflammation, indicated by increases in highsensitivity C-reactive protein (hsCRP) [19] [20] [21] and g-glutamyl transferase (GGT). 22, 23 The tight link between MetS and NAFLD has prompted some to suggest screening for NAFLD (via assessment for unexplained ALT elevations .30 U/L) among adolescents with MetS. 17 However, racial/ethnic discrepancies in MetS may affect its relationship to NAFLD. Non-Hispanic black adolescents have a lower prevalence of MetS [24] [25] [26] [27] and NAFLD 5, 18, [28] [29] [30] despite having more IR. 26, [31] [32] [33] [34] [35] Conversely, Hispanics have a higher prevalence of NAFLD despite similar rates of MetS. 5, 7, 13, 18, 24, 25 Given these intergroup differences, our goal was to assess relationships among MetS, IR, and NAFLD between racial/ ethnic groups. We evaluated adolescents from the NHANES for unexplained elevations in ALT as a potential marker for NAFLD. Our hypothesis was that given the poor accuracy of MetS for identifying IR in non-Hispanic blacks, MetS would be an overall poor predictor of unexplained ALT elevations among non-Hispanic blacks. We also hypothesized that IR itself would be a better predictor of elevated ALT among nonHispanic black adolescents. Such data regarding interethnic differences may lead to insights into the underlying processes linking NAFLD and IR.
METHODS
Data were obtained from NHANES (1999-2010), a multistage probability sample of the US population. These cross-sectional surveys are conducted by the National Center for Health Statistics of the Centers for Disease Control, with randomly selected subjects undergoing anthropometric and BP measurements, answering questionnaires, and undergoing phlebotomy (http://www.cdc.gov/nchs/nhanes.htm). The National Center for Health Statistics ethics review board reviewed and approved the survey, and participants gave informed consent before participation. Measurement of weight, height, BMI, WC, BP, and laboratory measures of ALT, aspartate aminotransferase, GGT, hsCRP, triglycerides, HDL-C, and glucose were obtained by using standardized protocols and calibrated equipment. 7, 36 Only blood samples obtained after an $8-hour fast were analyzed. Participants were classified as overweight if their BMI z score was in the 85th to 95th percentile for age and obese if their BMI z score was $95th percentile.
We excluded individuals with positive serologic studies associated with viral hepatitis, including those with a positive hepatitis B core antibody, hepatitis B surface antigen, hepatitis C confirmed antibody, and hepatitis D antibody. Subjects were also excluded if they were pregnant, had known diabetes, or were taking antidiabetic or antihyperlipidemic medications because these situations are all likely to alter lipid and insulin levels in a manner that may not reflect baseline insulin-NAFLD correlations. Individuals taking antihypertensive medication were classified as having hypertension. Data were not readily available regarding alcohol intake in this age range. tests. Mean levels of relevant continuous measures were compared among groups by using either t tests or analysis of variance. Various regression models were fit to the data, all including gender, education (highest level obtained for any household member), and household income-toneeds ratio as covariates. Logistic regression was used to assess effects of gender, race/ethnicity, and MetS status on the odds of NAFLD. All interactions of the 3 covariates (gender, race/ ethnicity, and MetS status) were initially included in the model but removed in a stepwise fashion if the associated interaction P value was ..10. Separate logistic models of NAFLD were also fit to the data, examining the impact of MetS, MetS components, and other elevations (HOMA-IR, hsCRP) on the odds of NAFLD by race/ethnicity. Odds ratios (ORs) adjusting for the aforementioned covariates were estimated to compare odds of NAFLD for increasing numbers of MetS elevations. Linear regression was used to compare mean levels of triglycerides, hsCRP, and GGT between those with ALT $30 versus ,30. Comparisons between the 2 ALT groups were allowed to vary by race/ethnicity. We stratified subjects by age (boys $16 years and girls $14 years) to assess for differences in these findings among children likely to be in later pubertal stages. 41, 42 Natural log transformations were used to achieve normality; geometric means from these models were reported. Finally, OR of ALT elevations were estimated comparing quartiles of various MetS or MetSrelated measures.
RESULTS

Prevalence of MetS and Unexplained ALT Elevations
We evaluated 4124 adolescents, including 1207 non-Hispanic whites, 1233 non-Hispanic blacks, and 1684 Hispanics. with non-Hispanic whites (P = .0044 and P = .0189 for interethnicity comparison, respectively), whereas elevations in triglycerides were the best predictor of ALT elevations among nonHispanic blacks (Table 3) .
Inflammation and Elevated ALT
We next assessed for differences in systemic inflammation among adolescents with and without unexplained ALT elevations by racial/ethnic group, using hsCRP and GGT as inflammatory measures and adjusting for household education and income (Table 4) . Geometric means of these measures estimated from the linear models of the log-transformed outcomes were compared between those with and without elevated ALT. Among each racial/ethnic group, there was a higher degree of systemic inflammation among adolescents with ALT elevations. Non-Hispanic black adolescents without ALT elevations had higher mean levels of GGT than non-Hispanic whites, whereas Hispanics had lower hsCRP levels than non-Hispanic whites. Levels of inflammatory markers were otherwise similar by race/ethnicity.
ALT Elevation by HOMA-IR, WC, and Triglyceride Quartiles
Finally, we divided HOMA-IR, triglycerides, and WC into quartiles among the overall sample to assess for increases in the odds of unexplained ALT elevations with increasing degree of these measures while adjusting for gender, household education, and income. Although all racial/ethnic groups exhibited higher adjusted ORs of ALT elevation among individuals in the highest quartile for HOMA-IR compared with the lowest, this OR was significantly lower among non-Hispanic blacks (2.9) compared with non-Hispanic whites (8.5) but not compared with Hispanics (9.6; Fig 1A) . The same was true for OR of ALT elevation by quartiles In considering these associations, it is notable that the cause-effect relationship between NAFLD and MetS likely involves some degree of overlap. Clearly the presence of NAFLD is associated with elevated levels of inflammation 19, 20 and IR 17, 49, 50 and, when present, is likely to contribute to the findings associated with MetS. 17 In this sense, previous studies would suggest that NAFLD may be a cause of worsening MetS. Conversely, the underlying processes of obesity, inflammation, and adipokines that drive abnormalities associated with MetS are also associated with NAFLD in basic science models 51, 52 and may contribute to liver fat accumulation through related pathways. 15 In this sense, individuals with a high degree of IR from these processes would be expected to have a higher risk of NAFLD, highlighting how NAFLD may be an effect of processes behind MetS.
Nevertheless, both of these causeeffect situations appear diminished among non-Hispanic black adolescents compared with other groups in that the lower prevalence of NAFLD was not associated with lower levels of Model of log(outcome), including race/ethnicity, ALT status, and their interaction, adjusting for household education and income. CI, confidence interval; GM, geometric mean. a Geometric mean significantly different than non-Hispanic white (P , .05). b Ratio significantly (P , .05) .1 (ie, significant difference between the ALT groups, within race/ethnicity group).
inflammation or IR, and a similar or higher degree of IR in non-Hispanic blacks compared with other groups did not correlate with higher rates of NAFLD. Although the cross-sectional nature of these data limits the conclusions we can make regarding these relationships, these findings overall suggest a lower degree of association among MetS, IR, and NAFLD in nonHispanic black adolescents compared with non-Hispanic whites and Hispanics, as illustrated by Table 3 and Fig 1A .
These findings may pertain to differences in body fat distribution among non-Hispanic blacks, who notably have less visceral adiposity. 31, 46 Although visceral obesity is tightly linked to IR, this link does not appear necessary in non-Hispanic blacks. 53 However, nonHispanic blacks have more subcutaneous fat. 46 Basic science studies have suggested that the ability to deposit large quantities of fat in subcutaneous tissue protects against deposition in visceral and hepatic compartments. 18, 54 Nevertheless, we noted that even when WC is elevated in non-Hispanic black adolescents, suggesting increase in visceral adipose tissue, there were lower ORs for suspected NAFLD than seen for non-Hispanic whites (Fig 1B) . This would appear to additionally dissociate visceral adiposity from NAFLD in non-Hispanic black adolescents.
The most notable difference in MetS between non-Hispanic blacks and other ethnicities is a lower prevalence of hypertriglyceridemia, which may be due in part to lower activity of lipoprotein lipase. 48 Interestingly, one of the pathophysiologic processes associated with NAFLD is an increase in free fatty acids from the liver, also noted in elevations in triglycerides, 17 which are elevated on average .40% among adolescents with suspected NAFLD compared with control subjects. 7 We noted that despite lower triglyceride levels overall among non-Hispanic blacks, when non-Hispanic black adolescents do have high triglyceride levels, they had a similar OR for elevated ALT as non-Hispanic whites (Fig 1C) . Thus, although ALT increases are associated overall with central obesity, low HDL-C, and high triglycerides, it appears that among non-Hispanic black adolescents, high triglycerides constitute a particularly good marker of elevated ALT risk. It is unclear if nonHispanic blacks with such elevations in triglycerides represent a subgroup with a particularly progressed condition of MetS or if their triglyceride
FIGURE 1
Odds of elevated ALT by racial/ethnic group and by quartiles of insulin, WC, and triglycerides. Odds of ALT elevation are shown for each racial/ethnic group evaluated by quartile of (A) HOMA-IR, (B) WC, and (C) triglycerides, with the first quartile being the referent group. Significance relative to non-Hispanic whites: * P , .05; ** P , .01. ARTICLE elevations represent differences in genetic propensity to both manifestation of MetS and development of NAFLD. Regardless, suspicion of potential NAFLD among non-Hispanic blacks should rise when elevated triglycerides are present, more so than other features of MetS, potentially representing a new indicator for screening for NAFLD among non-Hispanic blacks.
In contrast to these findings regarding non-Hispanic blacks, our findings support a relationship between IR and NAFLD that is at least as strong, if not stronger, among Hispanics as among non-Hispanic whites. Hispanics have been noted to have more NAFLD with worsened severity and higher rates of nonalcoholic steatohepatitis. 13, 55 Although a lower relationship between IR and NAFLD has been suggested among Hispanics versus non-Hispanic whites in past studies, 43 other researchers have found that, when matched for the degree of adiposity, Hispanics and nonHispanic whites exhibited similar relationships between IR and fatty liver disease severity. 44 Our data support overall similarities in the relationship between IR and NAFLD among Hispanics and non-Hispanic white adolescents, with, if anything, a tendency toward higher OR for NAFLD in Hispanics with fasting insulin and WC in the highest quartile.
Our study had multiple limitations. We used cross-sectional data from NHANES.
This permitted analysis of a large US population-based sample of adolescents, but the cross-sectional nature does not permit conclusions on the temporal nature of MetS and NAFLD. Although powerful, the NHANES data we used also do not contain information regarding pubertal status, which is of clear importance in the consideration of IR; however, when we stratified by age to evaluate children more likely to be in late puberty (boys aged $16 years; girls aged $14 years 41,42 ) we found similar results, suggesting against a puberty-related cause of these findings. We used unexplained ALT elevations to assess for suspected NAFLD.
Although we excluded individuals with serological findings of hepatitis, there still may have been non-NAFLD causes of these ALT elevations such as hepatitis types not evaluated in NHANES, Wilson' s disease, and chronic alcohol use. Nevertheless, use of ALT elevations has been validated in previous studies as a strong predictor of NAFLD in children 4 and adults 3 and has been widely used in other epidemiologic studies. 5, 7, 13 Finally, we were not able to directly measure IR, instead using HOMA-IR and fasting insulin as measures of IR. Although still an imperfect means of estimating insulin sensitivity, HOMA-IR and fasting insulin overall correlate with the hyperinsulinemic-euglycemic clamp method, the gold standard for assessing IR. 56 NAFLD has become the most common liver disease in children. Because of the epidemic increase in childhood obesity, screening mechanisms should be in place for surveying for the potential for NAFLD in children. These data underscore the importance of screening among children with central obesity and MetS, with implications that these children could be targeted for weight loss and other treatments to potentially prevent future complications. Among non-Hispanic black children, elevations in triglycerides may be another striking sign.
CONCLUSIONS
We found racial/ethnic differences in the relationship between elevated ALT and IR. The presence of IR and elevated WC were poorer predictors of elevated ALT overall among non-Hispanic blacks compared with non-Hispanic whites and may not be as effective of triggers for screening for NAFLD in non-Hispanic blacks, whereas elevated triglyceride levels may be a better indication for screening among non-Hispanic black adolescents. These data add to accumulating evidence of differences in how MetS and related diseases are manifest in non-Hispanic blacks and may reflect a need for ethnicity-based screening criteria for adolescents at risk for NAFLD. Clearly more research is necessary.
